Clay-Adams, Parsippany, N. J.) were inserted into the jugular veins for intravenous infusions and intermittent bolus injections of 0.025 ml of 10 c/;i lissamine green. The left kidney was exposed by a flank incision and freed from the adrenal gland and perirenal fat. The capsule was left intact and the kidney was placed in a Lucite holder. To minimize pulsatory movements of the kidney, 1.5 % agar in 150 mM NaCl was applied as described by Wright (42). After removing the layer of agar which covered the kidney surface, subsequently used for micropuncture, the kidney was superfused with saline solution at 37°C. Each animal received 1.5 ml of physiological saline to replace surgical losses and was then infused intravenously with 150 mM NaCl at a rate of 0.02 ml/min.
Transit time (33) was measured prior to micropuncture and checked every hour throughout the experiment. Animals with a proximal transit time greater than 14 s were discarded. Localization of distal tubular puncture sites was calculated from the ratio of the lissamine green transit time to the puncture site divided by the earliest distal tubular transit time of this kidney (TTR).
Rats with congenital diabetes insipidus were allowed free access to food and water up to the onset of the experiment. They received the same initial intravenous infusion of 1.5 ml of physiological saline, but the subsequent maintenance infusion of 150 mM NaCl was raised to 0.04 ml/ min. In this series of experiments, animals with proximal tubular transit times ranging from 14 to 20 s were included. The left ureter was cannulated with a polyethylene catheter @'E-50), and the collected urine was analyzed for osmolality. After completion of the first period during which electrical measurements on distal tubules were performed, the sarne animals were infused with 88 pU/min vasopressin, (Schwarz/Mann, Division of Becton, Dickenson Tubular and peritubular capillary perfusions. Distal COP voluted tubules were identified by inspection of the kidney surface after intravenous injection of 10 70 lissamine green (33). Early segments were selected (average transit time 35 s) for impalement with a micropipette filled with a perfusion fluid. The rate of microperfusion was sufficiently high as to minimize changes in ionic composition during passage of the fluid through the distal tubule. These perfusion rates ranged between 60 and 70 nl/min. Peritubular capillaries were perfused as previously described (3 1). Distal tubular lumina were perfused with the following solutions : 1) 150 mM choline chloride in water titrated with 0.5 M Trizma base (Sigma Chemical Co.) to pH 7.4 (total solute concentration 309 mosmol/kg water). 2) 120 mosmol/kg Na: 65 meq NaCl (120 mosmol/kg, resistivity 114 !&cm). 3) 250 mosmol/kg Na : 134 meq NaCl (250 mosmol/kg, resistivity 60 Q l cm). 4) 400 mosmol/kg Na : 2 16 meq NaCl (400 mosmol/kg, resistivity 38 Q. cm). 5) 600 mosmol/kg Na: 322 meq NaCl (600 mosmol/kg, resistivity 25 Q. cm). 6) "200 mosmol/kg Rafhnose-Na": 80 mM rafhnose plus 65 meq NaCl (201 mosmol/kg, resistivity 111 Gem). 7) "400 mosmol/kg Ramnose-Na" : 280 mM raffinose plus 65 meq NaCl (400 mosmol/kg, resistivity 156 &cm). 8) "500 mosrnol/kg Rafhnose-Na" : 380 mM raffinose plus 65 meq NaCl (500 mosmol/kg, resistivity 195 !&cm). 9) "600 mosmol/kg Raffinose-Na" : 480 mM raffinose plus 65 meq NaCl (600 mosmol/kg, resistivity 200 &cm). 2) 300 mosmol/kg Na : 123 mM NaCl, 25 mM NaHCO 3, 5 mM KCl, 1 mM CaCl2, 5 mM glucose. 3) 450 mosmol/kg Raffinose-Na: 150 mM raffinose, 123 mM NaCl, 25 mM NaHCOa, 5 mM KCl, 1 mM CaC12, and 5 mM glucose. 4) 600 mosmol/kg Raffinose-Na: 300 mM raffinose, 123 mM NaCl, 25 mM NaHCOa, 5 mM KCl, 1 mM CaC12, and 5 mM glucose.
These solutions were used with and without the addition of Dextran T-l 10 (Pharmacia Fine Chemicals) in amounts sufficient to achieve final concentrations of 8 g/100 ml. All solutions were checked for osmolality using an In all tubular perfusion studies in which NaCl solutions were used, the early portion of distal surface convolutions was chosen as the site of electrical measurements (TTR < 1.5). Figure  5 shows the effective resistances during perfusion with different osmotic concentrations of NaCl as a function of the transepithelial potential difference prior to microperfusion.
Transepithelial resistances decreased markedly as the osmolality of the perfusion fluid increased, but no decline in R, f f was found as a function of increasing initial transepithelial potential difference. The same conclusion is reached when R, ff, measured during rafinose perfusion (see Fig. 6 ), is plotted against initial potential difference measured in the same tubule prior to perfusion. The lack of decline in transepithelial resistance with increasing initial PD, i.e., increasing distance along the tubule, during perfusion is in sharp contrast to the inverse relationship between transepithelial PD and resistance formed during free-flow conditions (see Fig. 2 solute concentration of peritubular perfusion fluid and transepithelial effective resistances. The nearly linear relationship between peritubular osmolality and effective resistance obtained is described by J = 0.0012x -0.0037 (r = 0.9976; P < 0.001). Th us, changes in osrnolality on the vascular side of distal epithelium exert qualitatively the opposite effect on effective resistance as changes in luminal fluid osmolality. Figure  8 shows effective resistance measured during peritubular capillary perfusions as a function of the initial transepithelial potential diflerence at the same tubular site prior to capillary perfusion. The distribution of potential differences demonstrates that earlv and late distal tubules were punctured in this series of experiments (range of TTR 1. l-l .9). Calculation of regression lines for each of the different osmolalities of capillary fluid failed to reveal significant relationships between PD and effective resistances, in contrast to the results obtained in control conditions. Figure 9 summarizes the relationships between the OSmotic concentration of luminal or peritubular perfusion fluids and the specific transverse membrane resistance, R,, across distal tubular epithelium. A nearly linear, inverse relationship was obtained between increasing luminal NaCl concentrations and transverse specific resistance and is given by y = -0.6652x + 456 (r = 0.8650; P < 0.001). Increasing luminal osmolalities over a range of ZOO-600 mosmol/kg, by adding rafhnose to 65 meq/liter NaCl, also led to a reduction in specific membrane resistance, y = -0.4543~ + 275 (r = 0.8535; P < 0.001). The slope of the NaCl-regression line is significantly steeper than that of the raffinose line (P < 0.01). However, a much steeper decline in resistance per unit of increase in lurninal raffinose fluid. Changes in osmolality on the peritubular side of the distal tubule lead to directly proportional alterations in R, (y = + 0.7722x -83; r = 0.9898; P < 0.00 1). Hyperosmolality of the lumen or hyposmolality of the capillary fluid decreases the electrical resistance of the epithelium, whereas luminal hyposmolality or peritubular hyperosmolality leads to an increase of resistance. Peritubu/ar perfusions with and without dextran. To further test whether physical factors influence distal tubular electrolyte permeability, tubular resistance was measured during capillary perfusions with and without addition of 8 g/100 ml high-molecular-weight dextran to perfusion fluids of different osmolalities. Table 3 shows a comparison of the mean effective resistances across distal tubules during capillary perfusion with 600, 300, and 100 mosmol/kg solutions. Addition of dextran failed to show any significant effect on resistance measured during perfusion of capillaries with any of the three solutions. Diabetes insipidus (DI) rats. Figure 10 summarizes the mean transepithelial effective resistance in early (range of transit time ratios: 1. l-l .4) and late (range of transit time ratios: 1.5-1.8) distal tubules in 14 rats with congenital diabetes insipidus before and after intravenous infusion of ADH. Early distal R cff averaged 0.54 X lo6 G (+ 0.02 SE; n = 13) before and was significantly decreased (P < 0.02) to 0.45 X lo6 Q (+ 0.03 SE, n = 10) after ADH. Late distal K, f f declined from 0.65 X lo6 Q (=I= 0.08 SE; n = 6) to 0.36 X lo6 (SE; n = 6) after hormone administration (P < 0.02). Distal tubular lumen diameters averaged 17.0 I+ 1.2 (SE) pm (40 obs) and were not taken as an index of ionic permeability, since electrical currents are carried through epithelial barriers by ions. As previously described by Wright (42), transepithelial potential difierenccs increased toward the end of the distal tubule. In the present study an inverse relationship was observed between potential and electrical resistance during nondiuretic conditions when late distal tubular fluid was isosmotic (7, 14) to systemic plasma. In this context, it should be realized that the so-called "distal tubule"
available to micropuncture on the rat kidney surface consists of two morphologically distinct entities. Fig. 9 ). In the range of 300-800 mosmol/kg HZO, increases in sodium chloride concentration alone were more effective in reducing transverse specific resistance than osmo tically equivalent increments in rafhnose concentration.
On th e other hand, absolute values of specific transverse resistances of the distal tub ule car responding in a given osmolality w 'ere always lower when raffinose co ntributed the major part of the total osmolality than when pure sodium chloride solution was used for the tubular perfusion.
This contrasts with the greater effectiveness of NaCl than of nonelectrolytes in reducing epithelial resistances in toad bladders (8 to any known osmotic of the hormone on ccl .I effects but rather to a direct action membrane resistance (19). On the other hand, conversion of water diuresis to antidiuresis is known to result in increased late distal tubular osmolality (7, 14). It therefore is likely that the high resistance of DI rats and the low resistance of antidiuretic rats in the late portion of distal tubules is secondary to the prevailing osmotic gradients.
This argument is further strengthened by the results obtained in our perfusion studies. Inspection of Fig. 11 indicates that transverse electrical resistance decreases by about 100 Q l cm2 per 100 mosmol increase in luminal osmolality. Assuming late distal tubular fluid to be isosmotic to plasma in antidiuretic rats, while early distal fluid is slightly less than half-isotonic to plasma, the previously shown decline in tubular resistance of about 130 Q. cm2 (see Fig. 3 ) is nearly accounted for by the osmotic effect.
In summary, changes in peritubular oncotic pressure do not alter the electrical conductance of distal convoluted tubules. The decrease in electrical resistance, observed in antidiuretic rats along late distal tubules, can at least in part be accounted for by the simultaneous increase in luminal osmolality.
This osmotic effect acts as a positive feedback for ADH-induced osmotic equilibration. Osmotic gradients affect intercellular, rather than transcellular ion
